Summary.-Right-left orientation includes discrimination and recognition as well as identification, the former two differentiating between symmetrical cues and the latter using the words right and left. In the present experiment involving 406 children, the evolution of the knowledge and use of the concepts of right and left were assessed. Discrimination and recognition on all tasks used in this study are mastered much earlier than verbal identification, and, at even 11 years of age, half of the subjects of the present study still did not apply the words right and left properly onto other persons in the milieu. Children use the words right and left correctly first on their own bodies as early as seven years of age, then on people facing away, and finally on people facing them around eight to nine years of age. This transition most probably reflects the slow evolution of cognitive processes which determine the way the child will use internal or external frameworks as well as the passage from egocentrism to "alteregocentrism" with ability to consider other viewpoints than one's own.
The particular aims of the present study were (1) to dissociate right-left discrimination and recognition from verbal right-left identification and (2) to investigate and describe the development of the correct use of the words right and left in spatial orientation, specifically, right-left identification.
In an oriented world, the ability to refer to right and left plays an important role in both finding one's own way and learning specific activities. The milieu surrounding us does not carry any information relative to this particular orientation so we have to give it one. Most objects do not have any right or left orientation (pencil, book, key, tree, glass, etc.). If we assign certain objects (car, chair, locomotive, etc.) a special front and back orientation, then we can assign them a right and a left. So, when told to jump to "the right" or "in front" of a hoop, the child has no other solution than to transfer his own orientation to the hoop. The cues for distinguishing and identifying right and left exist because we have a front and a back; cues are first internal or egocentric and then related to cognitive processes and se-mantic references.
Right-left orientation probably involves three complementary aspects. The first one, right-left discrimination, is the ability to differentiate between two symmetrical stimuli of" in a relative way, using external or alter ego references. Nonetheless, some argue that, if a person consistently shows the left parts of his body in response to questions bearing the label "right," the person has then perfect right-left discrimination (Swanson & Benton, 1955) . If in one sense this is true, the performance also indicates that he does not properly use the conventional labels and that his right-left identification is very poor.
Why are so many years necessary before children, and even adults, can master right and left identification? Some aspects of right-left orientation, related to discrimination and recognition of mirror stimuli, are already well mastered at four years of age (Fisher & Camenzuli, 1987; Braine & Fisher, 1988; Fisher, 1990) . Children can say if the image is looking towards one side or the other (from the subject's viewpoint) without using right or left terms; it is a discrimination of orientation. As opposed to "up" and "down" which, at least on earth, are absolute coordinates relying as much on gravity as on the upright posture or "front" and "back" in which vision might play an important function, "right" and "left" remain mainly cognitive concepts which develop slowly until the preadolescent years. Related to right-left orientation, the object's relative position changes with the subject's orientation. A 180 o rotation puts on "the right" what was before on "the left." Because there is no concrete illustration to discriminate between "right" and "left", as there is, for example, between "table" and "chair," confusions remain for a longer period of time and sometimes last forever. Further, the correct use of the two terms must apply, not only to oneself, but also to other people. It should be far more difficult to say that somebody is to the right of somebody else than to say "this is my right hand" or "somebody is to my right." For the last two situations, "I" am the reference; for the first one, before answering the question, I have to define the references according to the orientation of another person. I cannot transpose directly my own orientation or my internal reference to other people: I must previously understand that "right" and "left" are relative positions depending on the orientation of the reference person. In this way it is a cognitive process as well as a nonegocentric one.
This study was designed to assess interaction between two aspects of right-left orientation, recognition and identification, more specifically the change in the correct use of right and left terms, by children from 5 to 11 years of age on their own bodies, on other persons facing them, or on images involving one, two, or three persons, using traditional or new timed paper-and-pencil tests. Are discrimination and recognition anterior to identification? How are these three components interrelated during growth? Is the correct use of right and left terms related to age transitions from egocentrism to geocentrism? Relationships between right-left identification and handedness were also investigated to test the old assumption according to which handedness helps right-left acquisition, the word "right" being particularly associated with the right-hand for right-handed children, lefthanded children as well as ambilaterals being not reinforced as much (Benton, 1968; Corballis & Beale, 1970; Rigal, 1974 Appendix, p. 1278) . The first part measures the knowledge of right and left identification on one's own body using unilateral (4), e.g., "show me your left eye", or crossed (4) commands, e.g., "show me your right ear with your left hand," and on a facing person. The score was the number of correct answers; right-left inversions were noted, if present.
Subjects might recognize a picture without being able to associate it correctly with the terms right or left. The second part includes two paper-and-pencil tests to distinguish recognition from identification. In the first of these tests, the child bas to recognize, from amongst other symmetrical or nonsymmetrical pictures, a particular picture shown to him and left in front of him, e.g., an image in which a little boy points to his left eye. On the second test, the child is to identify the pictures that correspond to the description of a certain position, e.g., "put a cross on the pictures where the little boy puts up his right hand." Scores for these two subtests are the number of correct answers and mirror images as well as time necessary to complete the tasks.
In the third part, the subject has to identify the position of a person relative to those of one or two different persons in a picture, e.g., "is the little boy on the right or on the left of his mother?", the score being the number of correct answers.
To be able to get a global idea of scores' evolution with age, total scores have been computed for right-left identification on self (max.: 8), and right-left position from others' point of view (max.: 16) for recognition (max.: 23) and for right-left identification on images (max.: 38).
Handedness, eyedness, and footedness.-To test the assumption that right-left identification might be related to handedness, the Edinburgh Inventory (Oldfield, 1971 ) was given to each child. The laterality coefficient was then estimated as [10 -L] x 10, where L is the number of left answers. According to the hand-preference questionnaire, subjects were classified as lefthanded, ambilaterals, or right-handed when their hand-preference coefficients were 0 to 30, 40 to 60, and 70 to 100, respectively. More restrictive thresholds were also applied (Annett, 1970) : to be classified as right-or left-handed, subjects had to perform all actions with the right or the left hand. For eyedness, children had to look through a narrow tube and for footedness they had to mimic how they kick a ball.
Laterality tests were performed first, followed by the right-left orientation test.
Analyses
To evaluate the evolution of right-left knowledge from one year to the next, two-way analyses of variances were computed for all tests with age (7) and sex (2) as between-subject variables. A one-way analysis with handedness as the main effect was also carried out. Significance level was set at p = .01 and when this level was reached, means were compared using the Scheffé F test. To compare present results with previous ones, percentages of correct answers (75% and 100%) on different tests for all ages were also calculated. Trend analyses were performed to test the hypothesis that right-left development is regular or proceeds with clefts from one age to the next.
RESULTS

Age
There were seven age groups. Due to time of testing and the fact that the school years start at different times (February in New Zealand and September in France), groups of the same age from the two different countries differed by half of a year, the French sample being younger. Age differences between two successive age groups were close to 12 months. As there were no significant global age-group mean differences (p> .01) between the two samples, all subjects of the same age group have been included in the same distribution.
Handedness
With the first threshold used (see tests in method), 85.5% of the children were righthanded, 9.3% left-handed, and 5.2% mixed; these percentages were, respectively, 59.4%, 5.4%, and 35.2% for the most restrictive threshold, the number of mixed cases being, in this case, significantly higher (p<.01) in the 5-to 7-yr. age groups. Because the samples were drawn by chance from a large group, these percentages are expected to be close to those of the population. Regarding combined laterality, 86% of the children preferred to use the hand and the foot on the same side, and 70% had the same hand and eye dominance. There were no significant sex differences for the frequency of subjects in each handedness category.
Right-left Orientation
Recognition.-Three images were to be recognized on drawings. There was a significant age effect (F 6.399 = 14.90, P < .01) but no effect of sex for the increase of the means of correct answers (Fig. 1) the tasks (F 6.399 = 90.02, p<.01) (Fig. 2) . A trend analysis performed on age and means of correct answers shows a quadratic type relation (R 2 = .94). From six years on to eleven years of age, there were no significant differences between means for correct answers, an 82% rate of success having been reached at 6 years of age. Recognition of pictures based on discrimination of orientation along an horizontal axis is well established at that age. The time decrease was linear (R 2 higher than .87) and close to 60%, going from around 150 sec. at 5 years of age to 70 sec. at 11 years of age, for Items 12 and 13, with no significant decrease from 9 years on. Mirror-image errors were almost nonexistent from 6 years of age on (Fig. 3 ), which indicates a good perceptual process for most children.
Identification: on oneself.-At five, 25% of the children still inverted right and left labels applied to their own body parts; this percentage dropped to 14% at 6 yr. and was close to zero from 7 yr. on (Fig. 4) . At 7 yr. of age, almost all children differentiated correctly between right and left labels (Fig. 4 ) which were generally well understood and applied to self, for simple commands as well as for double-crossed commands (Fig. 5 ).
FIG. 2. Means time evolution for recognition and identification on paper-and-pencil tests
The two-way analysis of variance performed on total scores with age and sex as factors showed only a significant age effect (F 6.399 = 20.22, p<.01) ; this age effect was also present for simple commands (F 6.399 = 11.71, p < .01), and for double-crossed commands (F 6,392 = 23.73, p< .01). Comparison of means using the Scheffé F test showed no significant differences for 7-to 11-yr. age groups ( p> .01) for both tests, and only the 5-and 6-yr. age groups differed from the others; 7 yr. of age is a milestone for correct use of right-left identification on oneself. The trend analysis shows a quadratic relation (R 2 = .96), with a plateau beginning at 7 yr. of age.
FIG. 3. Recognition and identification: mean percentages of correct answers
Identification on others: on a real facing person.-Until 7 yr. of age, most children did not show correctly the right or left body parts of the examiner seated in front of them (Figs. 4 and 5) but from 8 yr. on, identification was generally correct. If there was a significant age effect (F 6,399 = 9.94, p< .01) for the difference among means of correct answers, there were no significant differences in performances of children older than8 yr. of FIG. 4 . For the right-left identification tests percentages of subjects using appropriately the labels "right" and "left" in 75% or 100% of the situations. For right-left inversions, the subject says "right" when he should say "left" and vice versa.
age. Something new happens at that age with the majority (85%) of children as far as right-left identification is concerned; they no longer project their own orientation onto others facing them but reverse their orientation to answer the question properly, an illustration of the passage from egocentrism to geocentrism or, better, alteregocentrism.
Identification on others : on simple images.-Three images were to be identified on drawings from verbal instructions. There was a significant effect for answer (F 6,399 = 18.12, p<.01) but none for sex, for the mean increase in total correct answers ( Fig. 1 ) and for the mean decrease in time needed to answer (F 6,399 = 21.36, p<.01) (Fig. 2) . The trend for the increase of correct responses is of a cubic type (R 2 = .98) illustrating the existence of three age groups: 5-7, 8, and 9-11. There was no significant difference between means of correct answers for children 5-to 7-and 9-to 11-yr. of age. The time decrease was close to 40% from 5 to Il yr. of age, and this decrease was linear from one year to the next one even if the differences between the means did not reach significance for two consecutive years after 7 yr. of age. Mirror-image mistakes were likely for Image 14 as the children had to mark the image of a person facing away or forwards, and for Images 15 and 16 on which they had to identify the image of a person facing forwards. Mirrorimage errors were high for identification, when children had to identify a band or an eye shown, i.e., "put a cross on the images where the little boy points to his right eye" (Fig. 3) . In right-left identification on self, subjects had to perform double commands, i.e., "touch your left eye with your right hand", similar to the ones for Image 16, i.e., "put a cross on the images where the little boy shows his left ear with his right hand". When means of correct answers were compared, there was a significant effect of age (F 6,399 = 14.15, p<.01) as well as an effect between treatments (F 1,399 = 307.7, p < .01). Children applied the labels to themselves far more easily than they applied them to images which needed a mental rotation or representation. Identification on others: relative position of two or three persons.-There was a significant effect of age (F 6.399 = 17.12, p<.01) for the increase of total correct answers with age ( Fig. 1) , with a cubic trend (R 2 = .94); three groups emerged from the comparisons: 5-7, 8, and 9-11 years. Means of correct : responses increased with age for tests with images of persons facing away or 1 forwards (Fig. 3 ). There was a clear effect of age for images facing away , (F 6.399 = 11.69, p<.01) as well as for persons facing forwards (F 6.399 = 8.85, p< .01). There were no significant differences in 7-to 11-yr. age groups ( p> .01) for right-left identification on persons facing away. For persons facing forwards, improvements were really slow and performances did not significantly improve between 9 and 11 yr. of age even if they had just reached 60 to 70% of their maximum values. At all ages, means of correct answers for images facing away (back of a person seen) were significantly higher (p < .01) than the ones for images facing forward (front of persons seen) (Fig. 6) . It is easier to project by translation of our own orientation onto people facing in the same direction than by rotation onto people facing us. However, for Item 14, on which children had to mark images facing away as well as facing forwards ("child with the right arm up"), there were no significant differences among means of correct answers for different age groups; however, number of mirror-image errors for images facing forwards was higher than for those facing away, with a great decline between 8 and 9 yr. of age. Performances had not reached their maximum for either of the two categories even at age 11. A gap appeared with a clear increase in the performance of older subjects over that of the younger ones between 7 and 8 yr. for facing away and after FIG. 6 . Right-left identification of position in images-evolution with age: percentage of subjects with 100% of correct answers. Note: number of persons in the image and their orientation interact with the percentage of correct answers: these are higher when there are only two people instead of three and when persons are looking away instead of forwards. subjects answered correctly (Fig. 6) . Is it more complicated when there are three persons in the image? It might be the case as the percentage of children reaching the maxi-1mum correct answers was higher when there were two people on the pictures instead of three (Fig. 6) , especially when people were looking forward but even when they were looking away.
Recognition and identification.-One image was common to the recognition and identification paper-and-pencil subtests. Number of correct answers was significantly lower for identification than for recognition (F 1,399 = 266.31, p<.01) (Fig. 7) , differences being significant at p<.01 for all age groups. Subjects had legs trouble finding an image previously seen than finding themselves an image using left and right labels. Mirror image errors.-They are more frequent and they last longer for identification than for recognition (Fig. 3) . After 7 yr. of age almost all children recognize images without making mirror-image mistakes; we have to wait until 10 yr. of age for identification to observe similar results.
Handedness and Right-Left Identification
When handedness classification was based on the most conservative threshold, there was a significant effect (F 2.55 = 4.4, p<.02) of handedness on right-left identification for simple commands (F 2.403 = 6.9, p< .01) and for double commands (F 2.403 = 7.7, p<.01), right-handed children's scores being higher than those of the other two groups. These effects were clear for only the 5-yr.-old subjects: right-handed group mean was higher than the left-handed or mixed groups for simple commands (F 2.55 = 3.7, p< .05) and for double-crossed commands (F 2.55 = 4.4, p< .02). Performances on images facing away or forwards looked similar for all three groups. It might be that the more constant use of the right hand associated with the word "right" said by adults gives a stronger reference for identification, a similar reinforcement being Dot as systematic for left-handed children and ambilaterals.
Spontaneous "In the Middle" Answers
When asked if "the little boy (located between his mother and father) is on the right or on the left of his father," some children spontaneously answered first that he is "in the middle." At 5 yr. of age, 31 % of the children gave this answer, and even at 7 yr. of age, 21% of them still responded in this way. This "middle" location was preponderant on the "right-left" one. Related to this point, some children had difficulty realizing that the little girl is on the left of her mother : to give the position of the girl, the mother must be next to the little girl; one cannot be on the right or on the left of somebody if there is another person between them.
Subjects' Behaviour
The way children of different ages behave during the test is worth mentioning. For right-left identification, 5-yr.-olds mimic first the position to be found and then transfer it straight to the different images. They cannot imagine or represent directly the answer through a mental rotation; they experience it physically, then transfer it. At 6 yr. of age and older, subjects start to turn around to get an idea of how the image of the person facing forwards related to the question looks, and when they have the correct image, they turn back and give the answer.
One has to be careful with subjects who make right-left inversions on themselves when finding responses on the pictures as the images face forwards or answering questions related to an examiner seated in front of them. In fact, when they project their erroneous orientation onto the pictures, they seem to answer the questions "correctly" when they are really making a mistake.
DISCUSSION
This study was particularly focussed on differentiating recognition from identification in right-left orientation as well as with using the terms "right" and "left" in right-left identification, the most evolved level of right-left orientation. We recall that this knowledge includes discrimination, recognition, and identification. For the first two, discrimination and recognition, the words right and left are not involved: the subject just has to decide whether two objects are similar or not with respect to their orientation. For identification, the words right and left have to be used properly.
There is, of course, a clear evolution of right-left knowledge with age for both boys and girls which shows no sex differences on any of the items considered. At 7 yr. of age, most children associate adequately the terms 1right and left with their own body parts, for single as well as for double commands. After age 8, they generally relate the terms adequately to other persons facing them as well but still experience much difficulty at age 11 in switching from persons facing away to facing forwards represented on images. Right-left identification is not limited to knowledge of the terms relative to oneself but bas to be generalized to the milieu and people living in it, which takes a longer time to achieve. As the concepts are mastered, time needed to complete the tasks decreases significantly from age 5 to age 11.
Basis of Right-Left Orientation
To be able to give people or objects a right-left orientation, there must be, first, an asymmetry in a frontal plane with a front and a back, this frontal plane being, of course, vertical, and it is from verticality that things are tilted or oriented toward the right or the left of the subject on an horizontal axis. Implicitly, this is always present and it cannot be otherwise. Right-left identification is by no means allocentric or geocentric because nothing in the environment bears any natural cue related to right or left. When a pigeon discriminates between an arrow painting to the left from one painting to the right, this does not mean that it is the result of an embryonic right-left identification ability. It is only a perceptual task. Similar comments apply to a situation in which a young child is seated in front of two similar boxes and the experimenter bides an object in one of the two boxes; when the child is to find the object in the box to his right, he is moved around the table and has to find the hidden object from this new location: he generally chooses the box located to his right (relative position). If additional features are given (color of the boxes different), errors vanish almost instantly (Bremner, 1982) : this is a discrimination task and not a right-left identification one. In the different tests used in this study, there were no allocentric features, none of the tasks being related to the environment. Children had to convert visual information into a right-left orientation and identification based on their own bodies. At a first stage, they relate to their own bodies what they see and answer regarding right and left according to their own orientation; when they turn around to "see" how things look from somebody else's perspective, it is because they do not have a direct idea through mental rotation: their body rotation makes up for their inability to rotate mentally. After 8 years of age, most children identify correctly the right and left hands of a real person facing them. This is not similar for right-left recognition and identification in images. Perceptual time does not vary but thinking time diminishes with ability to rotate mentally as, getting older, less and less time is necessary to answer the questions. It i s already clear that discrimination of objects oriented up-down or right-left is as easy in both situations. But identifying the orientation with the correct labels is far easier for updown than for right-left (Maki, Grandy, & Hauge, 1979) . It is not that the words are harder to remember, but they carry fewer natural cues than up and down; moreover, the part of space they identify changes according to people's orientations. We need more time to think when considering simultaneously different things like one's own orientation versus that of another. This is why behaviours and answers change between 6 and 8 years of age. Before 6, children are sure that everybody sees the world the same way as they do. Between 6 and 8 there is a transition period in which they doubt their judgement because sometimes they can apply their own orientation and sometimes they cannot; they feel that things are not so absolute as they previously thought they were. After 8, certitude comes back again: when people face away, right-left orientation is the same as their own but, when others face forwards, it is the opposite.
Recognition and Identification
Right-left recognition, as defined in this research, i.e., the ability to tell if an image is similar to a witnessed one, does not imply right-left identification. Subjects may recognize an image previously shown or still in front of them by differentiating it from other images, on perceptual and orientation criteria without knowing where right or left is. It is well known that children discriminate from a very young age objects or pictures turned to the right or to the left (facing one way or the other) without using the words right and left by selecting a particular feature and relating this feature to a reference independent of the picture (Braine & Fisher, 1988; Fisher, 1990) . But discrimination of two vertically symmetrical figures using an orientation or direction as criterion is one thing, and identification of an orientation or a position using correctly the words right and left is another. In the present study, recognition does not pose problems to children even as young as five years of age: they are able to be very successful when they have to recognize a particular image among others. Identification of right and left on images is more difficult. This is particularly clear when the same image is shown for recognition as well as for identification. Means of correct answers are higher at five years of age for recognition than they are at 11 years for identification! Numbers of mirror-images, at all ages, are close to zero for recognition while they are higher for identification.
The difference between recognition and identification is also underlined by looking at the time necessary to complete the tasks across age. The time required for recognition is generally less than for identification and is also less for images with a single command, e.g., "right hand up", than for double commands, e.g., "boy showing his left eye with his right hand." That response time decreases with age results not from the perceptual part of the response time but from the identification part: when something is well known, answering time is shorter. For the images in which children have to differentiate on the basis of right and left words, they have to verify whether the words apply to each image for the hand or eye shown. Around 8 years of age, the percentage of correct answers increases (although far from maximum) for identification of images wherein the child or other persons are facing forwards. This supports the cognitive ability to rotate mentally in considering another subject's point of view. Piaget (1924) stated that improvements in right-left orientation were related to the progressive socialisation of children and to the decrease of egocentrism. These opposite evolutions allow children to transpose onto the milieu their own right and left orientations. Transposition by translation occurs quite early in development as 8-yr.-old children succeed on items on which the people in the pictures face the same direction as they do. But when mental rotation is involved with people facing forwards in the images, answers are more difficult. For these items, only half of the 11 year olds reach a perfect score while one fourth of them have a score of 0. It is not only the words right and left which confuse the children as they apply them correctly to themselves, it is also their inability to decentrate their own vision of the world and to enter someone else's view point. Items including images of people lead to a better understanding of right-left identification than do items using objects as in the former studies (Piaget, 1924) ; people have an orientation on their own while objects do not and the subject has no other choice than to transfer his own orientation onto the objects. As far as translation is concerned (in the pictures with people facing away), as early as 8 years of age, 90% of the children have 75% correct answers. This percentage levels off for the children 10 yr. of age. This result is reached three years younger then the age for orienting objects as shown in previous studies (Piaget, 1924; Galifret-Granjon, 1958; Elkind, 1961; Laurendeau & Pinard, 1968 ). This too is clear comparing results on right-left identification of real people with identification on images of persons. At 8 yr. of age most of the children identify right and left body parts on a person facing them while at the same age percentages of correct answers are much lower, not only for persons looking forwards, but also for those looking away when right-left identification is concerned.
Right and Left Terms: From Egocentrism to "Alteregocentrism"
Right-left identification is not only related to language acquisition, e.g., a question of terms used, but it is mainly related to the evolution of intelligence of children and to their way of transferring their own view point onto the external world and people living in it. This is made particularly clear when we consider that the words right and left and the concept as applied to self are quite well mastered from six years on but are still fat from being applied to all situations in the environment by children at age 11. This fact illustrates quite well the evolution of the relation children establish between themselves and the environment as they progress from egocentrism to geocentrism. When they give a wrong answer, they do not make a perceptual mistake as they see where the object is, but they do make a cognitive judgment based on their inability to understand the effects of rotation on spatial orientation. It might be that children react the same way in front of a mirror and in front of another person. What they see when they raise the right hand is "their own image raising the hand" located in front of the one which is raised. When somebody now stands in front of them, there is a natural tendency to transfer onto the person the same judgment as the one applied on to the image. For right-left awareness to evolve, children have to realize and understand that the orientation of the image of oneself in a mirror is not identical to the one of a person facing forwards. This comes with cognitive development and mental rotation as well as with change from egocentrism. Egocentrism is only a clue to the evolution of cognition in children and not an explanation of their intellectual aptitudes; when they have matured sufficiently, they will understand the effects of looking away then forwards. Children code position or orientation first from internal references; once they have reached the stage of reversibility with mental rotation, they will use a reference of geocentrism, better called alteregocentrism as it relates to another person. At the same time, they will consider more than one piece of information at a time. Evolution goes always from an egocentric frame of reference to a geocentric one.
"To the right of ..." and "to the left of ..." are based on the division of space in two parts in relation to a sagittal plane of symmetry. To succeed on these tasks, the subject must first master right and left labels and secondly apply them to other people in the milieu taking into account their orientation. This makes it easier to answer questions when people are facing away than when facing forwards and involving two persons or objects than ones with three persons or objects. In fact, the image between two other images is located on the axis of symmetry and so is in the middle! This middle image is both "on and part of" the border and cannot be at the same time "to the right or to the left of" another image; other images are oriented in relation to it. This is why when there are only two persons facing away or forwards in a picture, there is a higher percentage of correct answers sooner than when there are three persons.
Right and Left Labels
Correct use of right and left labels involves the understanding that each half space separated by a midsagittal plane bears a particular name and that people or objects in these two plans do not have an absolute position but one which varies with the orientation of the person to whom they are referred. There are a variety of steps or stages in the mastery of this concept of spatial orientation. Discrimination and recognition of orientation of a person or an object towards one side or the other occur very early in children's development. Then children first apply correctly the words to their own bodies from seven years on. At around eight, they transpose the words onto a person facing them by a mental rotation, identifying correctly their right or left sides. When now right and left terms are used to indicate position ("to his left"), there must be a combination of the terms and the orientation of the reference person: this is associated with the subject's ability to perform a mental rotation of his own orientation onto the one of the reference. At age 11 still 25% are not able to invert their own orientation and apply it onto images in which two people are facing forwards. When three people are now involved simultaneously, even at 11 years of age, only half of the children use the words right and left appropriately for people facing forwards while 81 % succeed for people looking away. Another major point is raised here: why is it more difficult to identify right and left in images of people than for real persons, all of them facing forwards? To tell the truth, the two situations are quite different. For the first situation, questions include terms like "to the right" or "to the left of" whereas for the second situation only the terms "right" and "left" are used. On the one hand, two relations must be considered at once (between subject and persons in the picture and within persons on the picture) and, on the other hand, there is a single relation between two living persons as in daily life. These results are not explained by spatial perceptual deficits as discrimination and recognition of symmetric figures are well mastered at six. Something new happens around 8 years of age: the child's understanding that his orientation is not directly transferable to the milieu when people in it face the viewer, which implies that the viewer applies reversibility to the view points, one of the characteristics of the operational stage. When there are many people involved, confusions appear again due to the interferences between the different subjects in the pictures: attention is divided and errors occur.
Handedness and Right-Left Identification
Does handedness interfere with right-left identification? Left-handers, mixed, and right-handers do not show significant permanent differences as fat as right-left identification on oneself is concerned, with one exception for children five years old. At that age, right-handers identify better the right and left body parts. It might be that they have a better opportunity to associate the word "right" with the hand they use most often. This early concrete interaction is most probably replaced later by cognitive references. In the present study the number of subjects included in each handedness group varied.
A definitive statement cannot be made until another study includes equal numbers of subjects in each handedness category for the youngest group of subjects.
Trends in Right-Left Identification
Has there been any improvement in right-left identification within the last 70 years? Going back to Piaget's work (1924) and comparing his results with those presented herein, one has to admit that there are similarities but differences too. It is confirmed that between 6 and 7 years of age most children know and use the terms right and left properly on themselves and at around 8 that they transfer this orientation onto facing people. For double commands on self also between 6 and 7 the criterion of success of 75% is reached. However, results differ for orienting either objects or persons one to the others. For images in which people are facing forwards and for which mental rotation is needed, at 11 years of age, still only two-thirds get 75% correct answers and only one-half make no mistake; at the same age, 62% of subjects get a 100% score in orienting objects one to the others (Galifret-Granjon, 1958) .
Conclusion
In right-left orientation, one has to differentiate among discrimination, recognition, and identification. The first two concepts imply that we dissociate mirror images and the third one that we have the ability to use the terms left and right correctly in all situations where they apply. Discrimination and recognition are mainly related to perceptual processes. Very young children, from six years on. and even sooner, are able to differentiate and recognize images involving right and left cues. Identification involves an additional mental activity on top of a perceptual one. It evolves slowly, being first learned on oneself and then transferred onto other people and objects. Very young children learn and know that the words right and left apply to one of the two sides of the body but they do not know precisely to which one; right-handers 5 years old might have an advantage compared with left-handers and a mixed-handed group as they associate more easily a constant hand used with the label "right" said by the adult. Once they apply precisely the words right and left on themselves, children transfer this orientation onto the localization of objects in the corresponding half-spaces, themselves being the central reference. At eight years of age, most children apply right and left labels on real people as well as on persons facing away in images. Around 9 years of age, they succeed on images if the people are facing forwards. After they have discovered the use of the words right and left on their own bodies, children have to learn or realize that they do not apply directly onto the milieu: they first transpose their own orientation directly onto the milieu and the people living in it as if right-left orientation were absolute and not relative to the subject's own orientation. They have then to consider in which direction the people to whom they refer face. Even if at 7 years of age most children do not confuse these words any more when they use them on their own bodies, we have to wait until they reach 11 years of age and even older before all of them get all their answers correct. This particular fact probably bas to do with cognitive development and the children's inability to consider perspectives different from their own until they reach 8 or 9 years of age. With development of their cognitive abilities, they slowly progress from their own point of view to the general understanding of spatial relations. Specific milestones do exist for recognition using pictures with discriminating features based on right-left orientation (6 years of age), right-left identification on self (7 years of age), identification of position using right and left terms (8 years of age), and right-left identification on images (9 years of age).
